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It is argued that any CP violation found in lattice QCD with Wil-
son fermions having a chiral phase in the mass term is not relevant for
the continuum theory. CP is classically conserved in the corresponding
continuum theory and is non-anomalous.
A classical symmetry is said to develop an anomaly in quantum theory if it
is not possible to nd any regularization to preserve it. It is, of course, not
dicult to nd regularizations which violate a given symmetry. To prove that a
classical symmetry is preserved in the quantum theory, it is sucient to nd one
regularization which preserves the symmetry, whereas to prove the existence of
an anomaly, it would be necessary to show that all regularizations break it.
This idea will be applied here to the question of parity or CP violation in
QCD with reference to lattice regularization. The strong interactions do not
violate parity per se, but the Lagrangian of QCD may contain a tr F ~F term
which violates parity and CP. Further, the quark mass term  meiγ5
′
 has
an unknown chiral phase ′ which also appears to violate these. There is no
experimental evidence of such violations, and it is dicult to estimate directly
the eect of the gluonic  term, but calculations and proposals are often made
with ′. We shall consider only this term and not the original -term.
While it used to be thought that the ′-term violates CP classically [1, 2], it
was later realized [3] that a classically and perturbatively conserved parity can
be dened: parity and CP violation can then occur only if induced by nontriv-
ial topology of gauge elds in functional integration, i.e., if these symmetries
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develop anomalies [3, 4, 5]. A chiral transformation with an associated anomaly
does enter the denition of the conserved parity. The question that arises there-
fore is whether the CP symmetry is aicted with an anomaly or is conserved
in the quantum theory. An answer in favour of conservation has been given in
the continuum [6] with the help of a generalized Pauli-Villars regularization. As
lattice calculations have been attempted in [2] and renements proposed in [4],
a fresh look on the lattice is important. It turns out that even if CP violation
is observed in lattice QCD with Wilson fermions and a chiral phase ′ in the
mass term, it should not be relevant for continuum QCD. There is no direct
contradiction with [4], only a dierence of interpretation, as will presently be
seen.
The spinor part of the single flavour continuum QCD euclidean action reads
S =
∫
d4x  [γ −mei′γ5 ] ; (1)
where  stands for the covariant derivative. As mentioned above, there is
a parity transformation [3] that leaves S invariant. This involves the usual
parity operation for gauge elds (with A0 transformed as a true scalar and Ai
as a polar vector), but the operation for fermions is altered to include a chiral
rotation proportional to ′:
 (x0; xi) !  (x0;−xi)ei′γ5γ0
 (x0; xi) ! γ0ei′γ5 (x0;−xi): (2)
This ′-dependent parity is easily seen to leave the action, with exactly the same
chiral phase ′ in the mass term, invariant.
Of course, that is not enough to guarantee the parity invariance of the the-
ory. There may be an anomaly here because the altered parity transformation
involves a chiral transformation. To investigate whether the parity transforma-
tion gets infected with this anomaly, it is necessary to regularize the action. A
continuum regularization (generalized Pauli-Villars) was used in [6] and it could
preserve the symmetry. Let us now turn to the lattice. The standard lattice








′γ5 ] : (3)
Here, a is the lattice spacing,D the forward covariant dierence operator on the
lattice and D∗ the backward covariant dierence operator. The regularization







− aD∗D −m0 −mLei
′γ5 ] ; (4)
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with m0 suitably chosen. These actions are not invariant under the lattice
analogue of (2), with the link variables transformed in the usual way, and this
is consistent with the anticipation that parity is broken on the lattice. One
can say that the classical symmetry of the unregularized theory is broken by
a regularization, so it looks like an anomaly. Unlike the popular continuum
approach to anomalies, this breaking does not arise from a regularization of the
measure, but the lattice already provides a regularization, and even the chiral
anomaly is known to manifest itself as an explicit breaking of the symmetry of
the action in this approach.
However, this is not the full story. As recognized in [7, 8], the D∗D term in








′γ5 ] : (5)
Consider the special case  = ′. In this case, the lattice implementation of
(2), with the link variables transformed in the usual way, leaves the regularized
action (5) invariant, i.e., parity is conserved in the quantum theory. This is
undoubtedly a very special, non-generic regularization, but the existence of just
one parity conserving regularization means that the symmetry is not anomalous.
The fact that it is violated in other regularizations is not important from the
point of view of the continuum theory.
From the point of view of the lattice theory, the choice  = ′ would be
regarded as suspect. Indeed, it has been noted [8] that the measure does not
have to be worried about on the lattice, and common phases can be rotated away,
with the result that the eective CP violating parameter is  = ′ − . Thus
our choice explicitly makes this parameter vanish, and with it, the possibility of
CP violation. But from the point of view of the continuum theory, the violation
of the symmetry for any other xed choice has to be called a regularization
artifact, because one symmetric choice is available. This is best understood
by recalling a more familiar situation. The broken rotation invariance on the
usual lattice is not an anomaly or even an essential fact of physics. It is merely
a lattice artifact and can be avoided by using random lattices or continuum
regularizations. In the same way, parity and CP are violated in mathematically
generic, but physically articial regularizations.
To conclude, when experiments indicate zero or nonzero CP violation in the
strong interactions, it can possibly be accommodated through the  term, but
the chiral phase ′ in the quark mass term cannnot be held responsible for CP
violation, as demonstrated elsewhere in generalized Pauli-Villars [6] and here
in Wilson’s lattice regularization. Lattice computations with the  term itself
would be welcome, but are much more dicult.
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